Introduction and study aim Natural orifice translumenal endoscopic surgery (NOTES) is an emerging surgical technique that requires a cautious adoption approach to ensure patient safety. High-fidelity virtual-reality-based simulators allow development of new surgical procedures and tools and train medical personnel without risk to human patients. As part of a project funded by the National Institutes of Health, we are developing the virtual transluminal endoscopic surgery trainer (VTEST TM ) for this purpose. The objective of this study is to conduct a structured needs analysis to identify the design parameters for such a virtual-reality-based simulator for NOTES. Methods A 30-point questionnaire was distributed at the 2011 National Orifice Surgery Consortium for Assessment and Research meeting to obtain responses from experts. Ordinal logistic regression and the Wilcoxon rank-sum test were used for analysis. Results A total of 22 NOTES experts participated in the study. Cholecystectomy (CE, 68 %) followed by appendectomy (AE, 63 %) (CE vs AE, p = 0.0521) was selected as the first choice for simulation. Flexible (FL, 47 %) and hybrid (HY, 47 %) approaches were equally favorable compared with rigid (RI, 6 %) with p \ 0.001 for both FL versus RI and HY versus RI. The transvaginal approach was preferred 3 to 1 to the transgastric. Most participants preferred two-channel (2C) scopes (65 %) compared with single (1C) or three (3C) or more channels with p \ 0.001 for both 2C versus 1C and 2C versus 3C. The importance of force feedback and the utility of a virtual NOTES simulator in training and testing new tools for NOTES were rated very high by the participants. Conclusion Our study reinforces the importance of developing a virtual NOTES simulator and clearly presents expert preferences. The results of this analysis will direct our initial development of the VTEST TM platform.
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Keywords NOTES Á Natural orifice surgery Á Transgastric Á Transvaginal Á Virtual reality Á Simulator Natural orifice translumenal endoscopic surgery (NOTES) is an emerging surgical technique that has come a long way from the first procedure performed on a swine by Kallo et al. [1] , to the human trials that are currently ongoing in the USA and around the world [2] . Apart from being a scarless procedure with cosmetic appeal, the NOTES technique has several proposed advantages, including shorter hospital stay, less postoperative pain, and fewer hernias and wound infections [3] . Realizing the potential of this emerging technology, members from the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) and the American Society for Gastrointestinal Endoscopy (ASGE) established a working group called the Natural Orifice Surgery Consortium for Assessment and Research (NOSCAR) in 2005. Since then, the working group has funded several peer-reviewed proposals on NOTES, established and maintained a registry for human NOTES cases, and organized several national and international meetings. A similar foundation called EURO-NOTES has also been established in Europe.
NOTES procedure, in its pure form, is performed using only a flexible scope without laparoscopic assistance. Hybrid NOTES procedures are performed with laparoscopic assistance using either flexible or rigid scopes. Performing NOTES may require a multidisciplinary team with expertise in both laparoscopy and endoscopy. In the highly cited whitepaper [4] , eight fundamental problems to be addressed in order to make NOTES a feasible procedure were identified. These included access to peritoneal cavity, gastric (intestinal) closure, prevention of infection, development of a suturing/anastomotic device, maintenance of spatial orientation, development of a multitasking platform, management of iatrogenic intraperitoneal complications, and identification of physiologic untoward events. Rattner et al. [4] stressed that training is critical in this nascent technology, since poor outcomes by physicians not thoroughly trained in NOTES procedures could lead to premature regulatory intervention.
Currently, training in NOTES procedures can be done using porcine models, cadavers, and ex vivo model-based simulators. While pigs are available and have anatomy similar to humans, they are expensive and require institutional animal care and use committee (IACUC) approval. Similarly, cadavers are expensive and far fewer in number to be useful for repeated training. Even in the case of ex vivo models, which do not require IACUC approval, they still need to be constantly replenished. On the other hand, virtual-reality (VR) simulators do not require replenishing materials and can provide objective performance measures. In the cases of training for laparoscopic, endoscopic, and other procedures, several commercial simulators have already been successfully adopted, such as MIST-VR, Simbionix Lap-Mentor and GI-Mentor, Cath Sim Ò vascular access simulator, AccuTouch Ò endovascular simulator, and AccuTouch Ò endoscopy simulator. Realizing the potential of developing a virtual-reality simulator for NOTES, the National Institutes of Health (NIH) has funded a 4-year research grant led by researchers from the Rensselaer Polytechnic Institute, Troy, NY and including surgeons and other researchers from the Beth Israel Deaconess Medical Center, Cambridge Health Alliance, and Tufts University, Boston, MA to develop a VR-NOTES simulator.
The objective of this work is to perform a structured needs analysis to identify the critical design parameters for a VR-NOTES simulator.
Materials and methods
A 30-point questionnaire that covered a variety of topics, including background and experience (Table 1) ; procedure, approach, and preferences (Table 2 ); instruments and tool preferences (Table 3) ; and preferences on the VR-NOTES simulator (Table 4) were distributed at the 2011 annual Natural Orifice Surgery Consortium for Assessment and Research (NOSCAR) meeting after securing an institutional review board (IRB) exemption from Rensselaer Polytechnic Institute (RPI). Since the initial plan for the VR-NOTES simulator was to develop the models and training for both transgastric and transvaginal NOTES appendectomy procedures using flexible instruments, NOTES appendectomy-specific questions were also included in the distributed questionnaire.
At the end of the 2011 NOSCAR meeting, the questionnaire was collected for analysis. Statistical analysis on the data was performed using SPSS 18.0 statistical software package (IBM Inc.). Both ordinal logistic regression and the Wilcoxon rank-sum test were used to interpret the data.
Results
The expert group was defined as participants at the NOSCAR meeting. NOTES experts (n = 23) completed the questionnaire, of whom 17 (77 %) were general surgeons, 4 (18 %) were gastroenterologists, and 1 (4.5 %) was a thoracic surgeon. The clinical experience of the participants ranged from less than 5 years to more than 30 years (Fig. 1) . The highest number of hybrid NOTES procedures performed by the participants was on porcines (17 cases), followed by humans (12 cases), cadavers (9 cases), dogs (2 cases), and sheep (1 case) (Fig. 2) . For the pure (nonhybrid) procedures, the majority were performed on porcines (16 cases) followed by humans (7 cases), cadavers (5 cases), and dog (1 case) (Fig. 3) . Regarding the question about the procedures that the participants had performed on live human patients, cholecystectomy was the most with eight cases followed by colectomy (four cases), How many number of channels do you prefer in VR-NOTES (1, 2, 3, more than 3 channels)
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Should the VR-NOTES simulator be capable of working with prototype devices? (yes, no)
18
The proposed simulator would allow the use of several types of tools and methods to achieve transluminal access for both the approaches. Which of these from the given list would be useful for testing in the simulator? (needle knife, balloon, guide wire, hydro-dissection, tunnel/submucosal flap technique, access/closure device, manual incision, trocar insertion, other)
19
To achieve hemostasis, which of the following tools would you like to see as a choice in the final simulator? (endoclips, bipolar cautery forceps, monopolar cautery forceps, multipolar coagulation probe, coagrasper, suturing device, ultrasonic energy, rf energy, argon plasma coagulation, other)
20
Which of these methods of retrieval of the specimen (ex. Appendix) do you want as a choice in the final simulator? (snare, rat tooth/alligator forceps, snare, basket, retrieval nets, other)
21
Which of these methods of translumenal closure do you want as a choice in the final simulator? (endoclips, T-tags, stapling device, suturing device, access/closure device, over-the-scope clip, manual closure, other) 22 The unique feature of the VR simulator is that it can precisely report the integrity of the closure of gastrotomy. In addition to that would you prefer more traditional methods of testing? (visual inspection, air leak test, fluid leak test, other) appendectomy (two cases), diagnostics (two cases), peroral endoscopic myotomy (POEM) (two cases), and one case each of lung biopsy and transgastric peritoneoscopy (Fig. 4) . Eight of the participants reported no human experience.
When given a choice of procedures to be simulated in the VR-NOTES simulator, the majority of the participants chose cholecystectomy (CE, 68 %) followed by appendectomy (AE, 63 %) (CE vs AE, p = 0.0521). Colectomy (CL, 27 %), tubal ligation (TL, 18 %), and nephrectomy (NT, 4.5 %) were the other choices for the procedure (Fig. 5) . For NOTES appendectomy, participants preferred to perform the surgery using flexible instruments (FL, 47 %), using a hybrid procedure (HY, 47 %), or using only rigid instruments (RI, 6 %) (FL versus RI, HY versus RI, both p \ 0.001) (Fig. 6) .
For the question on the choice of transvaginal (TV), transgastric (TG), and transrectal (TR) approaches for NOTES appendectomy, 11 participants (65 %) chose TV, with nine participants indicating the ability to close the Table 4 Rating on the preferences in the VR-NOTES simulator section of the questionnaire Question no.
Questions on rating on the preferences in the VR-NOTES simulator 23 In the initial VR-NOTES simulator, rate how important is it to include the cul-de-sac closure. access site and one participant each for device preference and instrument as reasons for choosing this particular route. Six participants (35 %) chose TG based on angle of view (TV versus TG: p = 0.52). Four participants chose not to answer this question, and none of the participants selected the TR approach for NOTES appendectomy. Given the preference of training on a live animal or a VR simulator with realistic interface and force feedback (Fig. 7) , 12 (55 %) of the participants preferred both choices, 6 (27 %) participants preferred the VR simulator, 5 (22 %) participants chose the live animal, and 1 (4.5 %) participant did not select either of the choices. There was no preference regarding the brand of endoscope for the VR-NOTES simulator (85 % answered No, p \ 0.001), although most of the participants preferred a two-channel endoscope (2C, 65 %) as opposed to single (1C, 17 %) or three or more channels (3C, 17 %) (2C vs 1C and 2C vs 3C, both p \ 0.001). The majority of the participants (95 %) agreed that the VR-NOTES simulator should be capable of working with prototype devices.
For transluminal access for both the TG and TV approaches (Fig. 8) , 86 % of participants chose the needle knife and access/closure device followed by tunnel/submucosal flap technique (81 %), balloon (72 %), guide wire (63 %), trocar insertion (36 %), hydrodissection (31 %), and manual incision (27 %).
Similarly, the results from the choice of achieving hemostasis are shown in Fig. 9 . More than 90 % of the participants chose endoclips, followed by suturing device (81 %), bipolar cautery (72 %), monopolar cautery (59 %), ultrasonic energy (54 %), argon plasma coagulation (40 %), coagrasper (36 %), radiofrequency (RF) and multipolar coagulation device (both 27 %), and epinephrine injection (4.5 %). Figure 10 shows the results from the choice of the participants for the methods of specimen retrieval in the VR-NOTES simulator. Seventy-seven percent of the participants chose snare followed by retrieval nets (50 %), basket (50 %), rat-tooth/alligator forceps (45 %), and endocatch bag (13 %).
For the choice of methods for transluminal closure in the VR-NOTES simulator, the results are shown in Fig. 11 . Most of the participants (90 %) chose the suturing device, followed by endoclips (63 %), stapling device and overthe-scoop clip (both 50 %), T-tags (45 %), access/closure device (36 %), and manual closure (27 %).
The mean and standard deviations from the responses for the five-point Likert scale questions are presented in Table 5 . Overall, all of the questions were highly rated, with the lowest mean score of 3.0 for the question on the importance of having cul-de-sac closure simulation in the VR-NOTES simulator. The participants rated the importance of including gastric wall closure highly, as well as the importance of the VR-NOTES simulator as a trainer for various NOTES procedures, developing new procedures, and testing new instruments in addition to inclusion of force and torque feedback in the VR-NOTES simulator. 
Discussion
From the responses to our questionnaire, cholecystectomy was rated as the most widely performed procedure by the participants. Published human and animal trials also support this conclusion [2, [5] [6] [7] [8] . According to Comber et al. [7] , a total of 961 cases of transvaginal cholecystectomy have been reported in literature, performed mostly using a hybrid (with laparoscope assistance) approach followed by transvaginal appendectomy with clinical results on 113 patients reported so far. A search of the currently registered NOTES human trials at the ClinicalTrials.gov database shows that, out of 18 active human trials, four are on both NOTES cholecystectomy and appendectomy procedures. While there are seven ongoing human trials on NOTES cholecystectomy alone, only one human trial is being conducted on NOTES appendectomy. The multicenter (six institutions in the USA) randomized controlled study sponsored by NOSCAR is also comparing NOTES and laparoscopic cholecystectomy outcomes.
Of the various access routes to perform NOTES, transvaginal access is the most preferred due to the removal of risk associated with leakage of intestinal contents due to imperfectly closed access site [9] . Though transgastric was a preferred route during many initial NOTES trials, issues related to gastrotomy closure have limited the use of this route. Similarly, the transrectal route is highly susceptible to contamination from fecal bacteria load [10] . The feedback from participants also indicates a similar trend, with more than 65 % of participants preferring the transvaginal approach compared with 35 % for the transgastric method. The majority of the cases reported for appendectomy using transvaginal and transgastric routes used a hybrid NOTES approach with a flexible scope [7] . Likewise, in our study only 6 % of participants preferred NOTES using rigid instruments for appendectomy, while 47 % preferred using flexible instruments and hybrid NOTES.
Performing NOTES requires a multidisciplinary team due to the expertise needed in laparoscopy and interventional gastroenterology [11] . Current training paradigms for NOTES consist in using either artificial or ex vivo tissue simulation models. The ELITE (Endoscopic-Laparoscopic Interdisciplinary Training Entity) developed by MITI (Klinikum Rechts der Isar, Germany), is a fully synthetic, latex-based ex vivo surgical training model for laparoscopic surgery, combined endoluminal/endocavitary procedures (''hybrid surgery''), and NOTES [12] . The fullsize replica of a human female torso in ELITE includes a gastight abdominal wall with intra-abdominal organs based on a latex compound and provides various accesses to the abdomen. Evidence for the construct validity of the ELITE simulator model for training in NOTES for a peritoneoscopy procedure via trans-sigmoidal approach has been presented [13] . More recently, it has also been validated for trans-sigmoidal NOTES cholecystectomy [14] .
The EASIE-R TM (Endosim, LLC; Berlin, MA) is an ex vivo tissue model-based simulator that can be used for training in endoscopic, laparoscopic, and NOTES procedures. It uses porcine specimens which are secured in a box and altered to resemble human anatomy. Multiple gastrotomies and colostomies can be performed with a single specimen in the EASIE-R TM . Hybrid NOTES procedures can also be performed by using a dome lid with a laparoscopic port. The EASIE-R TM model has been tested Importance of feeling torque while navigating the scope
Importance of feeling forces while manipulating the instruments
Importance of having cul-de-sac closure 3.0 ± 1.02
Importance of including gastric wall closure 4.54 ± 0.67
Importance of specimen being placed in a bag during retrieval extensively at various national and international NOTES courses and at the SAGES learning center since 2008. In a study comparing the EASIE-R TM and ELITE simulators conducted at the SAGES learning center, the subjective rating provided by the participants who performed various NOTES procedures such as translumenal access/closure, appendectomy, distal pancreatectomy, nephrectomy, and cholecystectomy showed that the EASIE-R TM simulator outperformed the ELITE in various categories including visual realism, tissue pliability, and anatomic correlation compared with humans [15] . The EASIE-R TM simulator has also been successfully used for team simulation for NOTES [16] .
Training and assessment is an important part of the surgical training curriculum [17] . Currently, no credentialing system exists for NOTES, unlike for laparoscopic and endoscopic surgeries [18] [19] [20] . Vassiliou et al. [21] developed an assessment tool for NOTES called FITNESS (formative intraoperative tool for NOTES evaluation of surgical skills) that has undergone limited validation. The assessment consists of six items scored by NOTES experts on a Likert scale from 1 to 5, including access (A), navigation and orientation (NO), visualization and stabilization (VS), instrument manipulation and targeting (IMT), closure (C), and application of surgical principles (SP). Though preliminary validation established evidence for reliability and construct validity, more studies need to be performed before FITNESS could be used as an assessment tool for NOTES.
The ELITE and EASIE-R TM simulators, though useful for training in NOTES, require constant replenishing of materials. Moreover, the performance measures are subjective in nature. In addition, FITNESS, though it could be used as a credentialing system for NOTES, is actually based on a subjective rating system. In contrast, VR surgical simulators have several advantages including objective performance measures, no need for replenishments, local and remote telementoring, and the ability to test various tools and new technologies before applying them to human patients. VR surgical simulators are already used for training in basic laparoscopic procedures [22] , laparoscopic adjustable gastric banding [23] , and many other procedures. They are part of most skill and simulation laboratories in various teaching hospitals in the USA and around the world.
Though VR simulators exist for many procedures, none currently exist for simulation of NOTES. The VR-NOTES that is being developed by us is the first simulator of its kind that can be exclusively used for training in NOTES procedures. NOTES is a relatively new procedure, and there are still a lot of technical hurdles, including new procedural techniques and new tools that need to be addressed to facilitate widespread adoption. The utility of a VR-NOTES simulator beyond just training is to act as a testbed for new procedures and tools in a safe environment without risk to human patients. The development of a VR-NOTES simulator, however, offers unique challenges compared with other VR surgical simulators. These include realistic modeling of multilayered hollow organs, realistic simulation of the interaction of flexible surgical tools and soft tissues, evaluation of the physiology of pneumoperitoneum, as well as evaluation of the integrity of gastronomy closure [24] . The VTEST TM that is currently being developed is designed to address all of the above issues.
The usefulness of such a simulator for NOTES is expressed by the participants in our study with a 55 % preference for both VR and live animals as well as 27 % of the participants preferring the VR simulator exclusively, compared with 22 % choosing live animals for training. Furthermore, the participants rated highly (mean score of 4.0 on a 5-point Likert scale) the importance of the virtual-reality NOTES simulator for training in NOTES procedures. Another important aspect of such a simulator is its ability to provide multiple views and test new designs without the need for fabricating the devices. The participants in our survey expressed a strong desire to see such features in the virtual simulator. To this end, we plan to incorporate the option of providing two videos, one from the endoscope and another from a laparoscope, while performing the NOTES procedure. We anticipate that such a feature would enable mastering triangulation while using a flexible endoscope. We also plan to provide an option of global view (view of endoscope from outside the body with transparent internal organs) in addition to the endoscope for training in driving the flexible endoscope. The VTEST TM simulator would also allow loading models using standard computer-aided design (CAD)-supported file formats. So any new design features such as new tools and endoscope designs such as Direct Drive System (Boston Scientific) [25] , Endosamurai (Olympus), etc. could be tested very easily in our simulator. Participants also rated very highly the above proposed features in our virtual simulator.
Participants in our survey expressed that they do not have any preference on the brand of the endoscope simulated, but most of them wanted the standard two-channel scope for operating in the virtual simulator. As a result, in our initial version of the VTEST TM simulator, we will use models of two-channel flexible scopes for performing NOTES procedures. We plan to add the options of including more than two channels in subsequent versions. Similarly, for translumenal access, we plan to model the needle knife, access/closure device, and balloon as an option, and endoclips, as well as the suturing device and bipolar cautery, as an option for hemostasis. Furthermore, for specimen retrieval we plan to provide snare, retrieval nets, and basket as options in the VTEST TM simulator, as well as suturing device and endoclips for access closure.
Haptic-enabled VR simulators not only provide high visual fidelity but also are capable of proving accurate force feedback to users. The participants in our study rated highly the importance of feeling forces and torques while performing NOTES procedures. Consequently, the VTEST TM simulator will also have a realistic hardware interface with motors and gears to provide force and torque feedback to users when operating with endoscope. To this end, we plan to perform a series of experiments on pigs with instrumented tools and force sensors to measure the range of forces felt while performing NOTES procedures and use those data for the design of our hardware interface.
As a first step in developing the VTEST TM simulator, this structured needs analysis provides guidelines for many features that need to be incorporated for training in the NOTES procedure. Most importantly, there is general agreement that the VR simulation testbed would be a valuable tool in this emerging field of NOTES. High-fidelity force feedback with a realistic interface should also be part of the simulator. Since technological hurdles make it difficult to perform pure NOTES procedures, the simulator should be capable of simulating both pure and hybrid procedures. Though the initial plan for the VR-NOTES simulator is to develop models and training for transgastric and transvaginal appendectomy procedures, the results from our questionnaire show that cholecystectomy should also be simulated, since it is currently the most widely performed NOTES procedure. As a second step, we are undertaking task analysis for NOTES appendectomy and cholecystectomy procedures to find significant simulation steps and objective performance measures that need to be incorporated into the VTEST TM simulator. We also plan to perform a follow-up questionnaire study at the 2012 NOSCAR meeting to assess any change in perception from the community and validate our initial steps.
